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(54) Coating composition with improved intercoat adhesion 

(57) A curable coating composition is described 
comprising a carbamate functional material, a crosslink- 
ing agent and a hydroxyl functional polysiloxane compo- 
nent Coatings prepared with this coating composition 
can be cured and coated with additional coating(s), pro- 
viding good intercoat adhesion to the subsequent coat- 
ing. 
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Description 

Field of the Invention 

s [0001] This invention relates to curable coating compositions, comprising a carbmate material, crosslinking agent 
reactive therewith and a hydroxyl functional polysiloxane component, for use in multilayer coatings. 

Back ground of the Invention 

10 [0002] Coating compositions are often divided into thermoplastic and thermoset compositions. Thermoplastic coat- 
ing compositions utilize high molecular weight polymers dispersed in an organic or aqueous solvent. After the coating 
composition is applied to a substrate, the solvent is removed and the polymers set up to form a film. Thermoset or cur- 
able coating compositions utilize two components that are reactive with one another under certain cure conditions. The 
reactive groups on these components are referred to as functional groups'. After the composition containing these com- 

15 ponents is applied, the coated substrate is subjected to cure conditions, causing the functional groups to react and form 
a cured film of a crosslinked matrix 

[0003] Thermoset or curable coating compositions that cure via the formation of urethane bridges in the crosslinked 
coating are widely used in the art. Urethane bonds are often desirable for their durability, resistance to attack by various 
agents in the environment, impact resistance, and other physical properties such as stress release. Urethane bridges 

20 can be formed by various combinations of functional groups, such as OH functional groups and isocyanate functional 
groups, carbamate groups and aminopiast resins, or cyclic carbonate groups and amino groups. 
[0004] In many coating applications, it is often necessary to apply an additional coating on top of an already-cured 
coating. This may be done to achieve certain visual or physical properties, or it may be necessary to repair areas where 
the cured coating has been damaged or where coating defects exist. In such cases, it is important that the coating 

25 applied on top of the cured coating have adequate adhesion to the cured coating. Sanding the surface generally 
improves adhesion, but it may not be desirable to sand a surface because of resulting change in the appearance of the 
sanded surface. Even when the cured coating is sanded prior to application of the additional coating, the adhesion fac- 
tor is still a concern with regard to overspray areas onto unsanded coating surfaces. 

[0005] Intercoat adhesion can be of particular concern with regard to coatings that form urethane linkages upon 
30 cure, due to the physical and chemical properties of the coating. Intercoat adhesion may be poor due the highly 
crosslinked nature of the cured film. It has unexpectedly been found that the addition of a polysiloxane compound to a 
coating composition based on a carbamate-melamine cure system improves intercoat adhesion when compared to a 
coating of an identical composition without the polysiloxane compound. Additionally, the present invention is directed 
toward providing curable coating compositions having good intercoat adhesion properties when a cured coated surface 
35 is subjected to repair conditions. Repair conditions generally involve application of at least one additional coaling fol- 
lowed by application of heat. This result is unexpected, since poiysiloxanes which are usually used to improve flow and 
leveling and to improve mar resistance, generally adhere poorly to subsequent coatings, as described in U.S. Patent 
4,812,518. 

[0006] It is also desirable to promote and/or improve adhesion of basecoat and/or the clearcoat coating composi- 
40 tions to sealant materials, such as where windshield or other sealants are applied to a cured coating. Accordingly, the 
present invention is also directed toward a cured coating composition having good adhesion to sealant materials. 

Summary of the Invention 

45 [0007] The present invention provides a curable coating composition comprising at least: 

(A) At least one polymer comprising a plurality of carbamate groups, 

(B) a component comprising a plurality of groups that are reactive with the carbamate groups on component (A), 
and 

so (C) a hydroxy functional polysiloxane component having a hydroxyl value of between about 50 and about 1 70. 

Optionally, the coating composition may additionally include hydroxyl functional oligomers or polymers, and carbamate 
functional oligomers and mixtures thereof. The polysiloxane component may also include a polymeric component such 
as polester or polyether. 

55 [0008] Coatings prepared according to the present invention can be cured and coated with additional coating(s), 
and have good intercoat adhesion to the additional coating and good adhesion to surface sealants. 
[0009] The invention also includes a method for improved intercoat adhesion comprising applying to a substrate at 
least a basecoat layer and a clearcoat layer, followed by application of at least one additional coating layer, wherein at 
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least one layer of the coating composition comprises components (AHC). 

[001 0] The invention also includes a method for improved adhesion of a cured coating composition to sealant mate- 
rials. 

5 Description of the Preferred Embodiments 

[0011] The polymer comprising a plurality of carbamate groups that may be used in the practice of the present 
invention can be prepared in a variety of ways and may comprise materials described in WO 94/10211, U.S. Patent 
5,356,669, and U.S. Patent 5,576,063 the disclosures of which are incorporated herein by reference. 

w [001 2] One way to prepare such polymers is to prepare an acrylic monomer having a carbamate functionality in the 
ester portion of the monomer. Such monomers are well-krtown in trie art and are described, for example in U.S. Patents 
3,479,328, 3,674,838, 4, 1 26,747, 4,279,833, and 4,340,497, the disclosures of which are incorporated herein by refer- 
ence. One method of synthesis involves reaction of a hydroxy ester with urea to form the carbamyloxy carbaxylate (i.e. , 
carbamate-modified acrylic). Another method of synthesis reacts an • , • -unsaturated acid ester with a hydroxy car- 

75 bamate ester to form the carbamyloxy carboxylate. Yet another technique involves formation of a hydroxyalkyl car- 
bamate by reacting a primary or secondary amine or diamine with a cyclic carbonate such as ethylene carbonate. The 
hydroxyl group on the hydroxyalkyl carbamate is then esterif ied by reaction with acrylic or methacrylic acid to form the 
monomer. Other methods of preparing carbamate-modified acrylic monomers are described in the art, and can be uti- 
lized as well. The acrylic monomer can then be polymerized along with other ethylenically-unsaturated monomers, if 

20 desired, by techniques well-known in the art. 

[001 3] An alternative route for preparing carbamate-f unctional polymers is to react an already-formed polymer such 
as an acrylic polymer with another component to form a carbamate-functional group appended to the polymer back- 
bone, as described in U.S. Patent 4,758,632, the disclosure of which is incorporated herein by reference. One tech- 
nique for preparing carbamate-functional polymers involves thermally decomposing urea (to give off ammonia and 

25 HNCO) in the presence of a hydroxy-f unctional acrylic polymer to form a carbamate-functional acrylic polymer. Another 
technique involves reacting the hydroxyl group of a hydroxyalkyl carbamate with the isocyanate group of an isocyanate- 
functional acrylic or vinyl monomer to form the carbamate-functional acrylic. Isocyanate-functional acrylics are known 
in the art and are described, for example in U.S. Patent 4,301,257, the disclosure of which is incorporated herein by 
reference. Isocyanate vinyl monomers are well-known in the art and include unsaturated m-tetramethyl xylene isocy- 

30 anate (sold by American Cyanamid as TMI®). Yet another technique is to react the cyclic carbonate group on a cyclic 
carbonate-functional acrylic with ammonia in order to form the carbamate-functional acrylic. Cyclic carbonate-func- 
tional acrylic polymers are known in the art and are described, for example, in U.S. Patent 2,979,514, the disclosure of 
which is incorporated herein by reference. A preferred approach is a transcarbamylation or transesterrf ication reaction 
of a hydroxy-functional polymer with an alkyl carbamate or hydroxyalkyl carbamate. A more difficult, but feasible way of 

35 preparing the polymer would be to trans-esterify an acrylate polymer with a hydroxyalkyl carbamate. 

[0014] Other polymers can be used as well. For example, a carbamate-functional polyurethane can be prepared as 
is described in U.S. patent application Serial No. 08/098,169, the disclosure of which is incorporated herein by refer- 
ence. A carbamate-functional polyester can be prepared as described in JP 51/4124, the disclosure of which is incor- 
porated herein by reference. 

40 [0015] Carbamate-functional polymers can have a molecular weight of 2000-20,000, and preferably from 4000- 
6000. Molecular weight as used herein means weight average molecular weight, and can be determined by the QPC 
method using a polystyrene standard. The carbamate content of the polymer, on a molecular weight per equivalent of 
carbamate functionality, will generally be between 200 and 1500, and preferably between 300 and 500. 
[0016] One class of carbamate-functional polymer component can be represented by randomly repeating units 

45 according to the following formula: 



so 




L— O — C — NHR 2 
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[0017] In the above formula, R-j represents H or CH 3 . R 2 represents H, alkyl, preferably of 1 to 6 carbon atoms, or 
cycloalkyl, preferably up to 6 ring carbon atoms. It is to be understood that the terms alkyl and cycloalkyl are to include 
substituted alkyl and cycloalkyl, such as halogen-substituted alkyl or cycloalkyl. Substituents that will have an adverse 
impact on the properties of the cured material, however, are to be avoided. For example, ether linkages are thought to 
be susceptible to hydrolysis, and should be avoided in locations that would place the ether linkage in the crosslink 
matrix. The values x and y represent weight percentages, with x being 10 to 90 % and preferably 40 to 60 %, and y 
being 90 to 1 0 % and preferably 60 to 40 %. 

[0018] In the above formula, A represents repeat units derived from one or more ethylenicaily unsaturated mono- 
mers. Such monomers for copolymerization with acrylic monomers are known in the art. They include alkyl esters of 
acrylic or methacrylic acid, e.g., ethyl acrylate, butyl acrylate, 2-ethyfhexyl acrylate, butyl methacrylate, isodecyl meth- 
acrylate, hydroxyethyl methacrylate, hydroxypropyl acrylate,.and the like; and vinyl monomers such as unsaturated qv 
tetramethyl xylene isocyanate (sdd by American Cyanamid as TMI®), styrene, vinyl toluene and the like. 
[0019] L represents a divalent linking group, preferably an aliphatic of 1 to 8 carbon atoms, cycloaliphatic, or aro- 
matic linking group of 6 to 10 carbon atoms. Examples of L include 



15 



20 




and 



\ CH 



X 




-(CH 2 )-. -(CH 2 ) 2 -, -(CH 2 )4-, and the like. In one preferred embodiment, -L-is represented by -COOL'- where L' is a diva- 
25 lent linking group. Thus, in a preferred embodiment of the invention, the carbamate-functional polymer component is 
represented by randomly repeating units according to the following formula: 

C — O L ' -O — C — NHR 5 

I! n . 

35 O O 



[0020] In this formula, R 1t R 2 , A, x, and y are as defined above. L may be a divalent aliphatic linking group, prefer- 
40 ably of 1 to 8 carbon atoms, e.g., -(CH^-, -(CHgfe-. -(CH^-, and the like, or a divalent cycioaliphatic linking group, pref- 
erably up to 8 carbon atoms, e.g., cyclohexyl, and the like. However, other divalent linking groups can be used, 
depending on the technique used to prepare the polymer. For example, if a hydroxyalkyl carbamate is adducted onto 
an isocyanate-f unctional acrylic polymer, the linking group L would include an -NHCOO- urethane linkage as a residue 
of the isocyanate group. 

45 [0021 ] Lower molecular weight carbamate-functional materials, such as oligomeric or non-polymeric materials may 
also be used in the practice of the present invention. Such compounds can be prepared in a variety of ways. 
[0022] One way to prepare such carbamate-functional materials is to react an alcohol ('alcohol' is defined herein as 
having one or more OH groups) with a urea to form a compound with carbamate group(s). This reaction is accom- 
plished by heating a mixture of the alcohol and urea. Another technique is the reaction of a polyol with a monoisocy- 

50 anate (e.g., methyl isocyanate) to form a compound with multiple secondary carbamate groups or to react an alcohol 
with cyanic acid to form a compound with primary carbamate groups(s) (i.e.. unsubstituted carbamates). This reaction 
is also performed under heat, preferably in the presence of a catalyst as is known in the art. Carbamates may also be 
prepared by reaction of an alcohol with phosgene and then ammonia to form a compound having primary carbamate 
group(s). or by reaction of a polyol with phosgene and then a primary amine to form a compound having secondary car- 

55 bamate groups. Another approach is to react an isocyanate (e.g., HDI, IPDI) with a compound such as hydroxypropyl 
carbamate to form a carbamate-capped isocyanate derivative. Finally, carbamates can be prepared by a transcar- 
bamylation approach where an alcohol or hydroxyalkyl carbamate is reacted with an alkyl carbamate (e.g., methyl car- 
bamate, ethyl carbamate, butyl carbamate) to form a primary carbamate group-containing compound. This reaction is 
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performed under heat, preferably in the presence of a catalyst such a§ an organometallic catalyst (e.g., dibutyltin dilau- 
rate). Other techniques for preparing carbamates are also known in the art and are described, for example, in R Adams 
& F. Baron, "Esters of Carbamic Acid", Chemical Review, v. 65, 1965. 

[0023] Various alcohols can be used in the preparation of carbamate compounds useful in the practice of the inven- 
5 tion. They generally have from 1 to 160 carbon atoms, preferably 1-60 carbon atoms, and may be monofunctional or 
polyfunctional (preferably a functionality of 2 to 3), aliphatic, aromatic, or cycloaliphatic. They may contain just OH 
groups, or they may contain OH groups plus heteroatoms such as O, S, Si, N, P, and other groups such as ester groups, 
ether groups, amino groups, or unsaturated sites. Examples of useful alcohols include 1 ,6-hexanediol, 1 ,2-hexanediol, 
2-ethyi-1 ,3-hexanediol, ethyl-propyl-1 ,5-pentanediol, 2-methyl-2,4-pentanediol, 2,2,4-trimethyM ,3-pentanediol, 
10 2,4,7,9-tetramethyl-5-decyn-4,7-diol, 1,3-dihydroxyacetone dimer, 2-butene-1,4-diol, pantothenol, dimethyltartrate, 
pentaethylene glycol, dimethyl silyl dipropanol, and 2,2'-thiodiethai1ol. 

[0024] Another approach is to react an isocyanate {preferably a diisocyanate, e.g., HDI, IPDI) with a compound 
such as hydroxypropyl carbamate to form a carbamate-capped polyisocyanate derivative as described in U.S. patent 
application Serial No. 08/098,176. The polyisocyanate can be an aliphatic polyisocyanate, including a cycloaliphatic 

75 polyisocyanate or an aromatic polyisocyanate. Useful aliphatic polyisocyanates include aliphatic diisocyanates such as 
ethylene diisocyanate, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanatopropane, 1 ,6-diisocyanatohexane, 1 ,4-butylene diiso- 
cyanate, lysine diisocyanate, 1 ,4-methylene bis-(cyclohexyl isocyanate) and isophorone diisocyanate. Useful aromatic 
diisocyanates and aliphatic diisocyanates include the various isomers of toluene diisocyanate, meta-xylenediioscy- 
anate and para-xylenediisocyanate, also 4-chloro-1,3-pheny!ene diisocyanate, 1 ,5-tetrahydronaphthalene diisocy- 

20 anate, 4,4'-dibenzyl diisocyanate and 1,2,4-benzene triisocyanate can be used. In addition, the various isomers of • , 
Metramethyl xylene diisocyanate can be used. Biurets of isocyanates such as DESMODUR® N-IOO from 
Mobay may also be useful. 

[0025] In one embodiment of the invention, a polyisocyanate is reacted with a compound containing an isocyanate- 
reactive group and a carbamate group, e.g., a hydroxyalkyl carbamate such as hydroxypropyl carbamate or hydroxye- 

25 thyl carbamate. Alternatively, the polyisocyanate may be adducted with substituents that have the capability of forming 
carbamate groups after reaction with the polyisocyanate compound is completed. For example, the polyisocyanate can 
be reacted with a compound having an active hydrogen group (e.g., hydroxyl) and a cydic carbonate group (e.g.. the 
reaction product of glycidol and CO2). and the cyclic carbonate groups then reacted with ammonia to form the car- 
bamate functional groups. Alternatively, the polyisocyanate can be reacted with an active hydrogen group (e.g„ 

30 hydroxyl) and an epoxy group, and then with C0 2 to convert the epoxy to cyclic carbonate, and the cyclic carbonate 
groups then reacted with ammonia to form the carbamate functional groups. 

[0026] Another method of synthesis is to first react the isocyanate groups on a polyisocyanate with a compound 
having a group that is reactive with isocyanate and also a non-NCO functional group. This adduct is then reacted with 
a compound comprising at least one carbamate group or group that can be converted to carbamate and at least one 

35 group reactive with the non-NCO functional groups. Examples of non-NCO functional groups include carboxyl, epoxy, 
hydroxyl, amino. For example, an OH-functional adduct (which can be formed by reacting a polyisocyanate with an 
amino alcohol) can be reacted with the oxygen of a COO portion of the carbamate group or an alkyl carbamate or with 
the methylol group of methylol acrylamide (HO-CH 2 -NH-CO-CH=CH 2 ). In the case of the COO group on an alkyl car- 
bamate, the hydroxyl group on the polyurethane undergoes a transesterification with the COO group, resulting in the 

40 carbamate group being appended to the polyurethane. In the case of methylol acrylamide, the unsaturated double bond 
is then reacted with peroxide to form an epoxy group. The epoxy groups are then reacted with C0 2 to form cyclic car- 
bonate groups, which are converted to carbamate groups by reaction with ammonia. Alternatively, an acid-functional 
polyisocyanate (which can be formed by reaction of a polyisocyanate with a hydroxy-functional carboxylic acid) can be 
reacted with acetic anhydride to generate an anhydride-functional triisocyanurate, which can then be reacted with an 

45 hydroxyalkylcarbamate. 

[0027] The above-described polyisocyanates are adducted with compounds containing a carbamate group or 
group that can be converted to carbamate and a group that is reactive with the NCO- or non-NCO-functional group on 
the polyisocyanate. Carbamate-rontaining compounds that can be adducted onto the NCO groups of a diisocyanate or 
an isocyanurate are preferably active hydrogen-containing carbamates such as hydroxyalkyl carbamates (e.g., hydrox- 

so ypropyl carbamate or hydroxyethyl carbamate). Compounds containing groups that can be converted to carbamate and 
groups that are reactive with NCO include active hydrogen-containing cyclic carbonate compounds convertible to car- 
bamate by reaction with ammonia (e.g., the reaction product of glycidol and CO^, monoglycidyl ethers (e.g.. Cardura 
E®) convertible to carbamate by reaction with C0 2 and then ammonia, and monoglycidyl esters (e.g., the reaction 
product of a carboxylic acid and epichlorohydrin) convertible to carbamate by reaction with C0 2 and then ammonia, allyl 

55 alcohols where the alcohol group is reactive with NCO and the double bond can be converted to carbamate by reaction 
with peroxide, and vinyl esters where the ester group is reactive with NCO and the vinyl group can be converted to car- 
bamate by reaction with peroxide, then C0 2 , and then ammonia. 

[0028] Non-polymeric or oligomeric carbamate-functional compounds will generally have a molecular weight of 75- 
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2000, and preferably from 75-1500. As used herein, molecular yveight m§ans weight average molecular weight. Molec- 
ular weight can be determined by the GPC method. 

[0029] Mixtures of the polymeric and non-polymeric or oligomeric carbamate functional compounds may also be 
utilized in the coating composition of the present invention. 

[0030] A number of materials can be used as the crosslinking agent to react with carbamate to form a urethane link- 
age as defined above. These include amtnoplast resins such as melamine formaldehyde resin (including monomelic or 
polymeric melamine resin and partially or fully alkylated melamine resin), urea resins (e.g., methylol ureas such as urea 
formaldehyde resin, alkoxy ureas such as butylated urea formaldehyde resin), polyanhydrides (e.g., polysuccinic anhy- 
dride), phenol/formaldehyde adducts, and polysiloxanes (e.g., trimethoxy siloxane). Preferred are aminoplast resins 
where one or more of the amino nitrogens is substituted with a carbamate group for use in a process with a curing tem- 
perature below 150°C, as described in U.S. patent 5,300,328. 

[0031] Examples of the hydroxyl functional polysiloxane compound utilized in the present invention include alkyl or 
hydroxy alkyl substituted hydroxy polysiloxane compounds and acrylic, polyurethane, polyester or polyether modified 
polysiloxane. The hydroxyl functional polysiloxane is used in an amount between .005 and 2.0 percent, preferably 
between .05 and 1 .0, based on total non-volatile content of the coating composition. The polysiloxane has a hydroxyl 
value of between 50 and 170. Preferably, the hydroxyl value is at least 70, and more preferably between 80 and 140. 
Preferably, the polysiloxane is a polyester modified polysiloxane. The polyester modified polysiloxane has a weight 
average molecular weight between 1000 and 20,000, preferably between 2,000 and 10,000. The polyester modified 
polysiloxane may be further substituted with alkyl, dialkyl, phenyl, diphenyl, alkyl phenyl groups. Preparation methods 
for such polyesters are described in U.S. Patents 4,636,552, 4,613,641 and 4,812,518. 

[0032] In a preferred embodiment, the composition of the present invention also comprises a component that 
includes one or more epoxide groups. Epoxides are well-known in the art. The epoxide may be of the general formula: 



where R1 , R2, R3, and R4 are each independently H (with the proviso that at least one of R1-R4 is other than H), an 
organic radical, which may be polymeric or non-polymeric and may contain unsaturation and/or heteroatoms, or one of 
R1 or R2 together with one of R3 or R4 may form a cyclic ring, which may contain unsaturation and/or heteroatoms. 
[0033] Although essentially any epoxide can be used in the practice of the present invention, the epoxide is prefer- 
ably substantially free of groups that are reactive with either of the two components that are reactive with one another 
to form urethane linkages. By 'substantially free' of such groups, it is meant that the degree of reaction between either 
of the two components that are reactive to form urethane linkages and any reactive component on the epoxide is suffi- 
ciently low so as to avoid any undesired adverse impact on the intercoat adhesion properties of the coating. 
[0034] Useful epoxides can be prepared from alcohols, e.g., butanoi, trimethylol propane, by reaction with an epi- 
halohydrin (e.g., epichlorohydrin), or by reactio of an allyl group with peroxide. Oligomeric or polymeric polyepoxides, 
such as acrylic polymers or oligomers containing glycidyl methacrylate or epoxy-terminated polyglycidyl ethers such as 
the diglycidyl ether of bisphenoi A (DGEBPA), can also be used. Epoxidized polyurethane resins or polyester resins can 
be prepared by reacting OH group-containing polyur ethanes or polyesters, as are known in the art, with an epihalohy- 
drin. Epoxides can also be prepared by reacting an isocyanate-terminated component such as a monomeric polyisocy- 
anate or poiymer or oligomer with glycidol. Other known polyepoxides, e.g., epoxy-novolacs, may also be used. 
[0035] In one preferred embodiment, the epoxide is an acrylic-containing polymer or oligomer, preferably deriving 
its epoxy groups from glycidyl methacrylate monomer, glycidyl acrylate, allyl glycidyl ether, cyclohexyl monoepoxyy 
methacrylate, the epoxide of the dimer of cylopentadiene methacrylate, or epoxidized butadiene, more preferably glyci- 
dyl methacrylate. In another preferred embodiment, both the epoxy-containing component and one of the components 
that reacts to form urethane linkages are acrylic polymers or oligomers. The epoxide is preferably present in the coating 
composition in an amount of from 0.0001 to 0.05 equivalents of epoxy per 100 g of resin. Such an epoxy acrylic resin 
preferably includes one or more of the components lauryl methacrylate. 2-ethylhexyl acrylate, 2-ethylhexyl methacr- 
ylate, or butyl acrylate. The epoxy equivalent weight, molecular weight, and glass transition temperature of the epoxy 
acrylic resin are adjusted by varying the monomer lineup to optimize the performance in the particular coating compo- 
sition by techniques known in the art. 

[0036] The coating composition may additionally contain a hydroxy functional polymer, such as hydroxy functional 
acrylic poiymer in an amount between 0.5 and 25.0 percent based on total solids content of the coating composition. 
[0037] A solvent may optionally be utilized in the coating composition of the present invention. Although the com- 
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position according to the present invention may be utilized, «for example, in the form of substantially solid powder, or a 
dispersion, it is often desirable that the composition is in a substantially liquid state, which can be accomplished with 
the use of a solvent. This solvent should act as a solvent with respect to all of the components in the composition. In 
general, depending on the solubility characteristics of various components, the solvent can be any organic solvent 

5 and/or water. In one preferred embodiment, the solvent is a polar organic solvent. More preferably, the solvent is a polar 
aliphatic solvents or polar aromatic solvents. Still more preferably, the solvent is a ketone, ester, acetate, aprotic amide, 
aprotic sulfoxide, or aprotic amine. Examples of useful solvents include methyl ethyl ketone, methyl isobutyl ketone, m- 
amyl acetate, ethylene glycol butyl ether-acetate, propylene glycol monomethyl ether acetate, xylene, N-methylpyrro- 
lidone, or blends of aromatic hydrocarbons. In another preferred embodiment, the solvent is water or a mixture of water 

70 with small amounts of co-solvents. 

[0038] The coating composition used in the practice 'of the invention may include a catalyst. The catalyst may be a 
blocked or unblocked phosphorus containing acid or phosphorus containing acid derivative, halving an acid number 
between 200 and 900. Examples of such catalysts include pyrophosphates, esters of phosphoric acid including, but not 
limited to phenyl acid phosphate, and alkyl acid phosphates having an aikyl chain of 1 to 8 carbon atoms in length. 

15 Other suitable catalysts include sulfonic acids such as, but not limited to. dodecyl benzene sulfonic acid, p-toiuenesul- 
fonic acid, dinonylnaphthalene disulfonic acid, and Lewis acids. The catalyst may also comprise mixtures of catalysts. 
[0039] In a preferred embodiment of the invention, the solvent is present in the coating composition in an amount 
of from about 0.01 weight percent to about 99 weight percent, preferably from about 10 weight percent to about 60 
weight percent, and more preferably from about 30 weight percent to about 50 weight percent. 

20 [0040] Any additional agent used, for example, surfactants, fillers, stabilizers, wetting agents, dispersing agents, 
adhesion promoters, UV absorbers, HALS, etc. may be incorporated into the coating composition. While the agents are 
well-known in the prior art, the amount used must be controlled to avoid adversely affecting the coating characteristics. 
[0041 ] The coating composition of the invention may be clear or it may be a pigmented paint coating. When it is pig- 
mented, the pigment may be any organic or inorganic compounds or colored materials, fillers, metallic or other inor- 

25 ganic flake materials such as mica or aluminum flake, and other materials of kind that the art normally names as 
pigments. Pigments are usually used in the composition in an amount of 1 % to 100%, based on the total solid weight 
of components in the coating composition (i.e., a pigmentbinder ratio of 0.1 to 1). 

[0042] The coating composition of the present invention provides enhanced intercoat adhesion when the polysi- 
loxane component is used in the basecoat or clearcoat layer. 

30 [0043] In a preferred embodiment, the coating composition containing the polysiloxane component according to the 
invention is used as the clearcoat of a composite color-plus-clear coating. Pigmented basecoat compositions useful 
therewith include any of a number of types well-known in the art, and does not require explanation in detail herein. Pol- 
ymers known in the art to be useful in basecoat compositions include acrylics, vinyls, polyurethanes, polycarbonates, 
polyesters, alkyds, and polysiloxanes. Preferred polymers include acrylics and polyurethanes. In one preferred embod- 

35 iment of the invention, the basecoat composition also utilizes a carbamate-functional acrylic polymer. Basecoat poly- 
mers may be thermoplastic, but are are preferably crossiinkable and comprise one or more type of cross-linkable 
functional groups. Such groups include, for example, hydroxy, isocyanate, amine, epoxy, acrylate, vinyl, silane, and ace- 
toacetate groups. These groups may be masked or blocked in such a way so that they are unblocked and available for 
the cross-linking reaction under the desired curing conditions, generally elevated temperatures. Useful cross-linkable 

40 functional groups include hydroxy, epoxy, acid, anhydride, silane, and acetoacetate groups. Preferred cross-linkable 
functional groups include hydroxy functional groups and amino functional groups. 

[0044] Basecoat polymers may be self-cross-linkable, or may require a separate cross-linking agent that is reactive 
with the functional groups of the polymer. When the polymer comprises hydroxy functional groups, for example, the 
cross-linking agent may be an aminoplast resin, isocyanate and blocked isocyanates (including isocyanurates), and 
45 acid or anhydride functional cross-linking agents. 

[0045] Examples of basecoats suitable for use with a clearcoat containing the hydroxy! functional polysiloxane addi- 
tive according to the present invention include hydroxy functional polymer resin crosslinked with melamine. These are 
commercially available from BASF Corporation, Southf ield. Michigan, under the following codes, E87AE720, a silver 
metallic high solids solverrtborne basecoat of an acrylic-melamine formulation; E55NW 028, a beige metallic water- 
so borne basecoat of polyurethane-melamine formulation; E54WW005, a white waterborne basecoat of a polyurethane- 
melamine formulation. 

[0046] The coating compositions described herein are preferably subjected to conditions so as to cure the coating 
layers. 

[0047] The present invention further comprises a method for improving intercoat adhesion of a multilayer coating 
55 composition. The method comprises applying to a substrate, a layer of a basecoat composition, followed by application 
of a layer of a clearcoat coating composition, wherein at least one of the coating compositions comprises 

(A) at least one polymer comprising a plurality of carbamate groups, 
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(B) a component comprising a plurality of groups that are reactive with the carbamate groups on component (A), 
and 

(C) a hydroxy functional polysiloxane component having a hydroxy! value of between about 50 and about 170. 

5 The substrate to be coated may be primed or unprimed. If unprimed, the substrate may be may be untreated or may be 
treated, such as by phosphate treatment The basecoat composition is applied at a thickness of between 0.3 and 1.5 
mils, where the preferred range is 0.5 to 1 .2 mils. The clearcoat composition is generally applied at a thickness of up to 
2.5 mils. The thickness may range from 0 to 2.4 mils, where 0 represents overspray of the clearcoat. Preferably, the 
clearcoat is applied at a thickness of above 1 .2 mils and more preferably from 1 .4 to 2.0 mils. Improved intercoat adhe- . 

10 sion was found, within these ranges of film thickness, when the clearcoat contained the hydroxy functional polysiloxane 
componenet. . . • 

[0048] Coating compositions can be coated on the article by any of a number of techniques well-known in the art. 
These include, for example, spray coating, dip coating, roll coating, curtain coating, and the like. For automotive body 
panels, spray coating is preferred. 

75 [0049] Although various methods of curing may be used, heat-curing is preferred. Generally, heat curing is effected 
by exposing the coated article to elevated temperatures provided primarily by radiative heat sources. Curing tempera- 
tures will vary depending on the particular blocking groups used in the cross-linking agents, however they generally 
range between 82°C and 177°C. The curing time will vary depending on the particular components used, and physical 
parameters such as the thickness of the layers, however, typical curing times range from 15 to 60 minutes. 

20 [0050] The present invention is particularly useful in providing intercoat adhesion in a repair coating situation, 
where it is necessary to apply additional coatings to a substrate having thereon a cured basecoat and a cured clearcoat 
layer. The subsequent repair coating composition may be cured at temperatures between 82°C and 149°C for between 
10 minutes and 90 minutes. Actual examples of repair methods are set forth in the examples. 
[0051] The invention is further described in the following non-limiting examples. 

25 

CLEARCOAT PREPARATION 

[0052] Clearcoat compositions were prepared having the following formulations. Weights are set forth in percent by 
weight based on total coating composition weight. 

30 
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Low Bake Repair 

[0053] A silver basecoat composition containing a hydroxyl functional acrylic resin crosslinked with melamine and 
commercially available from BASF Corporation as E87AE720 was coated onto a primed steel panel as the basecoat of 
5 a basecoat/clearcoat composite coating at a thickness at about 1 .0 mil. Clearcoat was subsequently applied at varying 
thicknesses of 0 to 2.0 mils. The panels were partially cured wet on wet at a metal temperature of 1 24°C for 1 5 minutes. 
A second basecoat layer of 1 .0 mil and a second clearcoat layer of 2.0 mils were applied and baked for 15 minutes at 
124°C. 

[0054] The panels were then subjected to an adhesion test as described in ASTM 3359 involving scribing a portion 
10 of the coating with a cross-cut pattern and applying and removing pressure-sensitive adhesive tape. The panels were 
evaluated for percent adhesion over the length of the clearcoat wedge.' 1 00% adhesion indicated that no base/clear was 
removed during the test. Any panel with less than 90% adhesion was considered a failure. 
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Qverbake Pepair 

[0055] The panels were coated as described in the Low Bake Repair test and cured as follows. The first base/clear 
coat was cured simultaneously for 90 minutes at 146°C and the second base/clear coat was cured simultaneously for 
15 minutes at 124°C. The panels were evaluated for adhesion as described above. 
[0056] The results are described in Table I below: 



10 



BNSDOCID: <EP 0995778 A2_l_> 



EP 0 995 778 A2 



I 1 

a- m 



X 73 



70 



75 



20 



25 



30 



35 



40 



45 



50 



8 



73 X 



. CD 

Iff 

CD 

o 



?2 



d- 1 

CD < 

2? : 



CO 



Is 

S3 

. x x 
<5' m 

— CO 

5 



8! 
g' 



8 

01 



s 



g: 



55 



[0057] The invention has been described in detail with reference to preferred embodiments thereof. It should be 
understood, however, that variations and modifications can be made within the spirit and scope of the invention. 
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Claims 

1 . A curable coating composition comprising 

5 (A) at least one polymer comprising a plurality of carbamate groups, preferably a carbamate-functional acrylic 

resin. 

(B) a component comprising a plurality of groups that are reactive with the carbamate groups on component 
(A), and 

(C) a hydroxy functional polysiloxane component having a hydroxyl functionality, wherein the hydroxyl value is 
10 between 50 and 170. 

2. A curable coating composition according to claim 1 wherein component (c) comprises a polyester or polyether 
modified polysiloxane. 

15 3. A curable coating composition according to claim 1 or 2 wherein the polyester modified polysiloxane component 
has a weight average molecular weight of between 200 and 3000. 

4. A curable coating composition according to one of the claims 1 to 3 further comprising a carbamate functional 
material having a weight average molecular weight between 75 and 2000. 

20 

5. A curable coating composition according to one of the claims 1 to 4 further comprising a component containing one 
or more epoxide groups, and which is substantially free of groups that are reactive with components (A) and (B), 
wherein the epoxide containing component preferably comprises epoxide groups derived from glycidyl methacr- 
ylate, glycidyl acrylate, allyl glycidyl ether, cyclohexyl monoepoxy methacrylate, the epoxide of the dimer of 

25 cyclopentadiene methacrylate, and epoxidized butadiene. 

6. A curable coating composition according to one of the claims 1 to 5 further comprising hydroxy functional resin. 

7. A curable coating composition according to one of the claims 1 to 6 wherein component (B) is an aminoplast resin 
30 or a melamine formaldehyde resin. 

8. A method for providing intercoat adhesion between multiple coating layers comprising 

(a) applying to a substrate a basecoat coating composition to form a basecoat layer and 
35 (b) applying over the basecoat layer a clearcoat composition to form a clearcoat layer wherein the clearcoat is 

a curable coating composition according to one of the claims 1 to 9, and 

(c) curing the coating compositions simultaneously or subsequently at temperatures between 82°C and 1 77°C. 

9. A method according to claim 8 wherein the basecoat composition is a waterborne basecoat composition. 

40 

10. A method according to claim 8 or 9 wherein a substrate having thereon cured basecoat and clearcoat coating lay- 
ers is subsequently coated with at least one additional basecoat layer and at least one additional dearcoat layer 
and the coating layers are cured simultaneously or subsequently at temperatures between 82°C and 149°C. 

45 11. A coated article comprising a substrate having applied thereto 

(a) a basecoat composition and 

(b) applied subsequent to the basecoat, a clearcoat composition according to one of the claims 1 to 7. 

so 12. A coated article according to claim 1 1 further comprising additional basecoat and clearcoat coating layers applied 
to the coated article and/or wherein a compound selected from the group consisting of adhesive and sealant com- 
positions is applied to the coated substrate. 
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